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The coronavirus 2 (SARS-CoV-2) pandemic is viciously spreading through the continents
with rapidly increasing mortality rates. Current management of COVID-19 is based on the
premise that respiratory failure is the leading cause of mortality. However, mounting
evidence links accelerated pathogenesis in gravely ill COVID-19 patients to a hyper-
inflammatory state involving a cytokine storm. Several components of the heightened
inflammatory state were addressed as therapeutic targets Iron metabolism and anemia may
play an important role in multiple organ dysfunction syndrome in Coronavirus disease
2019 (COVID-19). We conducted a systematic review and meta-analysis to evaluate
biomarkers of anemia and iron metabolism (hemoglobin, ferritin, transferrin, soluble
transferrin  receptor, hepcidin, hapatoglobin, unsaturated iron-binding capacity,
erythropoietin, free erythrocyte protoporphyrine, and erythrocyte indices) in patients
diagnosed with COVID-19, and explored their prognostic value. Here we address
implications of a possible role for hyper-ferritinemia, and altered iron homeostasis in
COVID-19 pathogenesis, and potential therapeutic targets in this regards.

Introduction

The coronavirus 2019 (COVID-19) pandemic  to
has taken the world by surprise as it viciously

inflammatory state (2). Consecutive studies
linked COVID-19 related hyper-inflammation
systemic events including
hypercoagulability, oxidative stress and

spread through the continents with rapidly
increasing mortality rates. Current
management of COVID-19 is based on the
premise that respiratory failure is the leading
cause of fatalities (1). Nevertheless, mounting
evidence points to drastic systemic events
taking place that contribute to accelerated
COVID-19 pathogenesis. The ‘“cytokine
storm” is a notion that is reportedly hailed as
the hallmark of the COVID-19 hyper-

altered iron metabolism (3). These events
were linked to accelerated pathogenesis in
gravely ill COVID-19 patients as highlighted
in a recent perspective (1). Several
components of the heightened inflammatory
state have been proposed as therapeutic
targets, particularly I1L-6 blockers as drugs of
more relevance in COVID-19 management
than steroids, however concerns of prolonging
viral clearance were stated (4). Ferritin is a
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crucial component of iron metabolism, one of
the most ancestral systems of host protection
from pathogen infections [3]. Iron is a
micronutrient necessary for both energy
production at a mitochondrial level and
nucleic acid replication at cytoplasmic and
nuclear level. For its scarcity in the human
body and the fundamental processes in which
it is involved, pathogens (bacterial, viral or
fungal) compete with the host for iron
availability in order to guarantee their own
replication. When innate immunity is
activated and cytokine cascades start, IL-1
and IL-6 stimulate hepcidin expression in the
liver, reducing iron bioavailability by
decreasing its gut absorption and hiding it into
ferritin, a shell-like molecule deposited in
macrophages. These mechanisms have been
extensively reviewed in the literature [5,6,7].

With this observational study, we aim to
provide a detailed description of iron
metabolism and lymphocyte subpopulations
in ICU Covid-19 population. It can lead to a
better understanding of the underlying
physiopathology of this unknown disease,
foreseeing some  possible  alternative
therapeutic targets.

Materials and Methods
Study Population

This study was approved by the Government
of Medical College of Budaun,(UP),India.
Oral consent was obtained from the patients,
and written informed patient consent was
waived by the ethics board of Budaun
People’s Hospital of Government medical
College for quarantine in U.P., India. All
patients with COVID-19 enrolled in this
research were diagnosed according to the
guidance of World Health Organization
(WHO) and the National Health Commission
of India from February 1 to February 29, 2020
(29).

Diagnostic and Classified Criteria

Nasopharyngeal swab samples were collected
for detection, and reverse transcription-
polymerase chain reaction was used to detect
open reading frame laboratory (open reading
framelab [ORFlab]) and nucleocapsid
protein (nucleocapsid protein N) of SARS-
CoV-2. Reverse transcription-polymerase
chain reaction was carried out as per the
protocol issued by the WHO. The SARS-
CoV-2-positive case confirmation needs to
meet the requirement that both the target
genes are positive at the same time or that
ORF1ab is positive in 2 different samples of
the same patient. According to the seventh
edition of COVID-19’s diagnosis and
treatment plan issued by the Chinese National
Health Commission, patients with COVID-19
are divided into 3 main types according to the
following clinical manifestations: (1) mild -
with fever, respiratory or digestive symptoms,
and physician-diagnosed pneumonia by chest
computed tomography (CT); (2) severe - one
of the following conditions: shortness of
breath and respiratory rate >30 times/minute,
oxygen saturation <93% at rest, or chest CT
imaging showing lesion progression of more
than 50% within 24-48 hours; (3) critical -
meet any of the following rules: respiratory
failure and need for mechanical ventilation,
shock, and any other organ failure needing
critical care and treatment (24).

Data source and strategy

We searched MEDLINE (National Library of
Medicine, US), EMBASE (Elsevier,
Netherlands), Web of Science (Clarivate
Analytics, US), Cochrane (Cochrane
Collaboration, UK), the WHO COVID-19
database and Google Scholar (Google, Inc.,
US) to identify relevant articles. We used
search terms related to COVID-19 infection
and SARS-CoV-2 virus, and several markers
of anemia and iron storage and metabolism,
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including hemoglobin, ferritin, transferrin,
soluble  transferrin  receptor, hepcidin,
haptoglobin, unsaturated iron-binding
capacity, erythropoietin, free erythrocyte
protoporphyrin, red blood cell count (RBC),
red cell distribution width (RDW), red cell
volume (RCV), mean corpuscular volume
(MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin
concentration (MCHC), reticulocyte count,
and reticulocyte index. We also included
search terms related to clinical progression of
COVID-19, such as prognosis, severity, ICU
admission, mortality, risk factors, clinical
features, clinical characteristics or predictors.
(23)

Study selection and eligibility criteria

All  observational studies (e.g., cross-
sectional, cohort, and case—control studies),
except for case reports and case-series, were
included.(22) We included studies that
reported on the levels of the biomarkers of
iron  metabolism,  erythropoietin  and
erythrocyte indices, hemoglobin levels or the
prevalence of anemia among COVID-19
patients, or their levels by the clinical
outcome of patients with COVID-19.
Outcomes of interest include disease severity,
admission to intensive care unit, mechanical
ventilation, and mortality across all age
groups. Studies examining the association
between the biomarkers and risk of COVID-
19 complications (e.g., admission to intensive
care unit, death) were also included.(26)

Results and Discussion

Serum iron does not show significant
modifications, but it follows the same trend of
TfSat being part of the formula to calculate it.
They both remain lower than the normal
reference values during the whole infection. It
is difficult to hypothesise the reason of their
trend without proper laboratory research: the

dramatic low levels at ICU admission might
be expected, but the following increase during
an acute phase of inflammatory response
seems counter-intuitive. The  described
patients arrived in our ICU after a median of 7
to 9days from symptoms onset. (25) The
physiologic progressive restoration of normal
TfSat after 1week of infection and the
dysregulated  cytokine  response  might
contribute to TfSat elevation. Also, it has
been described that acute respiratory distress
syndrome (ARDS) causes reduced serum iron
levels [9,10]. intubated Covid-19 patients
suffer of this syndrome, while protective
ventilation might theoretically restore normal
iron levels. Interestingly, recent studies
implicated that ferroptosis, which is the
process of programmed cell death mediated
by iron-dependent peroxidation mechanisms
(11) in inflammatory pathologies, involves
multiple organs including liver, kidney, heart
and lung (12). Ferroptosis was found to be
linked to neurological disturbances including
cognitive impairment (13), agueusia and
anosmia (taste and smell loss) (14) that are
regular manifestations of COVID-19 disease.
Iron chelators and ferroptosis inhibitors had
protective effects by inhibiting intracellular
iron induced lipid peroxidation (15). The
impact of iron overload on extra and
intracellular mitochondria dysfunction, on
microbiota dysbiosis (lungs and gut) (15).

Furthermore, serum coagulability is a major
concern in COVID-19 pathogenesis, and
rapidly recognized as a key risk factor in
susceptible patients (16, 17). In the context of
the cellular iron overload, it has long been
documented that coagulopathy is a hallmark
of iron toxicity. Oxidized iron accelerates
serum coagulation by interacting with
proteins of coagulation cascade (18). Ferritin
is a very early and non-specific indicator of
inflammation. It resulted to be the first
severely elevated biomarker together with
lymphopenia [19]: thus, its early dosage in at-
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home symptomatic patients might be
extremely useful in individuating those who
can benefit of early hospital admission. After
its initial rise, ferritin can take longer than a
month to normalise after an infection [20].
Thus, it remains elevated during ICU stay of
Covid-19 patients. Despite being apparently
futile, its dosage constitutes the key element
to suspect secondary haemophagocytic-
lymphobhistiocytosis (sHLH). sHLH is a
frequently misdiagnosed syndrome related to
viral infections and thus of primary
importance in this Covid-19 pandemic.
Overall, despite unable of a more detailed
description, we demonstrate how iron
metabolism is deranged in severe forms of
Covid-19.(27)

In conclusions we describe iron metabolism,
lymphocyte subgroups count and other
biomarkers in critically ill Covid-19 patients.
This might be relevant for clinicians dealing
with critical patients and provide further hints
about the pathophysiology of this disease.
Iron metabolism has been repeatedly
proposed as a potential therapeutic target
during infections [21, 22]. Pharmacologic
advances have made available safer iron
chelators [23]. This testifies the relevance of
the topics investigated and how they might
contribute to the development of novel
therapeutic strategies against Covid-19.
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